We evaluated long-term angiographical follow-up of cerebral aneurysms treated with detachable platinum coils with special reference to the long-term morphological outcomes of incompletely obliterated aneurysms.
Introduction
Endovascular embolization using GDCs or IDCs for complicated intracranial aneurysms has become widely accepted as an alternative to direct surgery. Although remarkable advances have been made in the endovascular treatment of aneurysms, the long-term outcome of this type of treatment is not well defined.
Follow up studies of these patients are necessary to document continued aneurysm exclusion from the cerebral circulation.
In this study, we evaluated long-term angio- graphical follow up of cerebral aneurysms treated with GDCs with special reference to the long-term morphological outcomes of incompletely obliterated aneurysms.
Clinical materials
134 cases were treated with GDCs or IDCs from 1994 to 1999. Serial long-term follow up cerebral angiograms (>1 year) were obtained A in 47 cases. The remaining 87 cases without long-term angiographical follow up were not included in this study.
In 47 patients; 7 males and 40 females with the ages ranged from 32 to 84 years (mean 61.7 years); 23 aneurysms presented with subarachnoid hemorrhage, 19 aneurysms were found incidentally and 5 aneurysms exhibited mass effect. 31 aneurysms were located in the anterior circulation and 16 in the posterior circulation. 20 aneurysms were small in size «10mm) with well defined neck, 11 were small sized with illdefined neck, 8 were large (10-25mm) and 8 were giant (>25mm). The morphological results of initial treatment were categorized as follows; complete occlusion defined as no contrast filling of the dome or neck of the aneurysm, neck remnant defined as some contrast filling in the part of the neck of aneurysm, body filling defined as some contrast filling of the dome of the aneurysm, both of neck remnant and body fillmg.
Postembolization follow-up cerebral angiograms were obtained within 6 months and repeated annually, if a complete obliteration was not confirmed.
The volume embolization ratio (VER) of each aneurysm was calculated as follows; total coil volume / aneurysm volume. Detail of the calculation of VER has been reported by Satoh et a1 6 •
Results
Initial morphological results: Complete aneurysmal occlusion was achieved in 10 patients (21.3 %). A small neck remnant was de-tected in 7 cases (14.9%), a body filling in 20 cases (42.5 %) and both of them were detected in 10 cases (21.3 %). The average of VER was 37.3% in small aneurysms with small necks, 37.0% in small aneurysms with ill-defined necks,22.0% in large aneurysms, 11.9% in giant aneurysms.
Follow-up angiographical results:
No aneurysmal recanalization was observed in 10 completely obliterated aneurysms (average VER: 37.4 %). In 7 aneurysms with neck remnant, 3 (average VER 29.0%) remained unchanged,4 (average VER 34.6%) showed enlargement of contrast filling in the part of the neck of the aneurysm (figure 1). Figure 2 shows a typical case of enlargement of neck remnant following GDC embolization of a basilar tip aneurysm.
In 20 aneurysms with body filling, 5 (average VER 26.5%) had developed into complete obliteration, 3 (average VER 33. There was no statistical correlation between VER and long-term morphological results ill each group. 
Discussion
Endovascular embolization using GDCs or IDCs for complicated intracranial aneurysms has become widely accepted as an alternative to direct surgery. Published reports of early clinical and angiographical results have been promising 1 ,,, but the long term efficacy of the GDC or IDC methods remains to be undetermined. Incomplete endovascular occlusion of aneurysm leaves the patient at risk for future expansion and future subarachnoid hemorrhage 3,4. Hayakawa et al evaluated the anatomical evolution of neck remnants in aneurysms treated with GDCs. They reported that 25% of aneurysms with neck remnnant exihibited progressive thrombosis, 26% remained unchanged and 49% displayed recanalization on follow up angiography 2. Especially in large or giant aneurysms, 88% of aneurysm with neck remnent displayed aneurysmal recanalization. As with their follow up results, 51.1 % of incompletely obliterated aneurysms showed aneurysmal recanalization or regrowth in our series.
The size of an aneurysm neck correlates well with the initial morphological results of the endovascular treatment for cerabral aneurysms 7. In the cases with wide-necked aneurysm, neointimal formation across the aneurysm neck was rarely completed, furthermore, looser packing with GDCs may prevent neo-intimal and neo-endothelial proliferation across the neck of the aneurysm. Therefore, the coils and the unorganized intra-aneurysmal thrombus were directly exposed to the blood circulation. Subsequently, the coils can be pushed by the arterial pressure and become compacted toward the aneurysm dome with further expansion of the aneurysm.
With this limitation in mind, patients need to be very carefully chosen for GDC embolization and strict follow-up angiography is mandatory when a complete embolization is not achieved.
Conclusions
GDC embolization is a safe treatment for cerebral aneurysms with lower incidence of peri-procedural morbidity, whereas follow-up results are less satisfactory in cases involving incompletely obliterated lesions. Higher incidence of recanalization was promoted in cases with neck remnant and/or body filling. Further refinements of GDC technology is necessary to improve present morphological and clinical outcomes.
